-This result agrees with.expectations
The rate of appearance of soluble Cs-137 and potassium increases with temperature. The process should avoid temperatures of 64 OC or higher.
-Below 450C and at current Tank 48H radionuclide levels, the rate remains slow and corresponds to loss of 0.05 w t % precipitate solids-per year.
- -A radiation-induced decomposition mechanism was
0
The ratio of Cs-137 to potassium in radioactive waste trends toward the ratio of the solubility products for CsTPB and KTPB.
-This suggests. that solubility equilibrium influences the soluble potassium and Cs-137 concentrations.
The author developed a dual mechanism model that predicts potassium and cesium concentrations. The model includes a radiolytic decomposition mechan5sm based on the radiation dose to the solids and catalytic decomposition mechanism based on the concentration of soluble tetraphenylborate ion. Application of this model to the available data provides the following results. The model does not predict the first day's increase in Cs-137 in one previously reported test in which a large change occurred, but predicts the subsequent rate of increase in cesium.
The model does not predict or bound the accelerating rate observed in four experiments at higher temperatures.
These results indicate that the two mechanism model adequately predicts or bounds the behavior of radiaactive waste and simulant slurries at lower temperatures (S45 "C) within the limited experimental conditions tested. .However, the substantial under prediction of the model at higher temperatkes suggests a significant additional reaction mechanism contributing to the decomposition.
INTRODUCTION
During t h e Savannah River Technology Center's (SRTC.)
Phase 1 (PVT-l), researchers performed several experiments in the Shielded Cells using slurries from Tank 48H. The four experiments at 3 molar Na'provide data on
Researchers combined slurry samples taken from Tank 48H during June, July, and August to form a large batch of approximately 2 w t % slurry. composite to produce the slurries used'in the eqeriments. Appendix A gives details of the slurry.origin and preparation.
They then adjusted this
Personnel placed the slurries in carbon steel containers, sealed under air, and placed into an oven at the test temperature. The samples were not continuously stirred, but were mixed prior to sampling. after four days, followed by subsequent sampling once or twice a week depending on the apparent rate of change in the sample.
The first samples were taken
The researchers filtered samples with the filtrate analyzed for Cs-137, K+, NaTPB, intermediate organic compounds, and phenol. Figure 1 graphs the results with numerical values listed in Appendix A.
S i m u l ant Exgeriments
Experiments 7 through 12 used non-radioactive simulants of the Tank 48H slurry. and initial NaTPB concentration as variables. Table I11 for actual conditions.
. . For Experiments 9 and 10, the slurry preparation did not include the NaTPB addition and 70" heat treatment. After irradiation, -personnel perfQrmed the following step.
0
Adjusted the NaTPB to obtain the targeted TPBconcentration.
In most cases the observed TPB' concentration at the beginning of the experiment was not close to the targeted concentration. Appendix A gives further details of the preparation.
Researchers placed the slurries in 150-mt glass serum vials, sealed under nitrogen, and placed into ovens at the test temperature. The samples received mixing only prior to sampling. Personnel filtered samples and analyzed for the same components as the radioactive experiments with the exception of Cs-137. Figure 2 graphs the results with the numerical values listed in Appendix A.
Test Results
The appearance of soluble potassium and cesium ions was used as a measure of the loss of tetraphenylborate solids and CsTPB).
slurries containing. potential transition metal catalysts. In most experiments, researchers measured the loss of TPB-prior to the appearance of measurable amounts of 'soluble potassium and cesium.
.
(KTPB Researchers measured the rates of increase in . soluble potassium and cesium in radioactive and ski-ulant -K+ -urn a- The graphs in Figure 2 show the changes in soluble NaTPB and potassium in the shulant experhents. In Experiments 9 and 10, the potassium concentration never exceeded 1 mg/L because the soluble NaTPB did not decompose to less than 50 mg/L. In EXperhents 11 and 12, the appearance of soluble K ' begins when the NaTPB concentration drops.
-
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Potassium did not increase in Experiments 7 and 8 even though the soluble NaTPB concentration dropped below the 10 mg/L detection limit. The failure of KTPB to dissolve could ' reflect slow dissolution kinetics of KTPB in the unstirred samples, or slow dissolution of NaTPB solids. The presence of NaTPB solids is suggested by the drop in potassium between the initial and subsequent samples. These experiments do not clearly define the potential for a rapid reaction between 45 and 64OC. Experiment 11 at 49 OC ( Figure 2) shows a sharp upward trend at the end of the test. Although the rate at the end of this experiment remained acceptable (2 mg/L/day, or about 12% of a 5 w t % slurry per year), the experiment likely terminated before reaching the . maximum rate. Under similar conditions with radioactive waste, Experiment 4 at 50°C (Figure 1 ) did not.appear to accelerate at the end of the test. One caq calculate-an approximate rate for potassium from the cesium data and the observed cesium/potassium,ratio in other experiments. The, rate so obtained in Experiment 4 proves comparable to Experiment 11. The rate in Experiment 3 (at 5OoC) remains slow, probably due to the delay in consuming the high initial level of NaTPB until the end of the test. 3 likely stopped before achieving the maximum rate 02 increase in Cs-137.
Hence, Fxperiment
Potassium and Cesium-137 Correlation
The graphs of the radioactive experiments (Figure 1 Table I11 suggests approximate quantitative agreement as well: At each temperature, the rates'in the two systems are of the same order of magnitude, although the simulants are consistently slower. These observations suggest that the reaction will occur in the absence of radiation and that simulant experiments are adequate for further studies.
The value of the ratio of Cs-'137/K can distinguish between some hypotheses about the reaction. Cs-137 and K ' include (1) the ratio in which they exist in the tank, (2) the ratio of the solubility products of KTPB and CsTPB, and (3) If this sensitivity existed, the Cs-137/K ratio would exceed the bulk average, 180 Ci/kg.
Il.re'Cs-l37/K ratios observed in the experiments are most 'consistent with the solubility product ratio of CsTPB.and KTPB. The measured Cs-137/K ratio changes systematically, starting low (15-30 Ci/kg) and increasing steadily to values as high as 108 Ci/kg. Figure 3 graphs these changes for Experiments 1, 5 , and 6 which offer the most data. The
Possible ratios between A prior report estimated the ratio in 
controls the ratio in fast reactions (Experiments 5 and 6)
and not in a slower reaction (Experiment 1) remains unclear.
The low ratio most likelyreflects the effect of the CS/K ratio on the apparent solubility of CsTPB.' The solubility ratio used above used the K-'s for the pure phases. Recent solubility experiments indicate that cesium is less soluble when precipitated in the presence of potassium. explanation'leading to low ratios assumes that the system has not reached equilibrium and that KTPB dissolves faster.
higher relative rates of dissolution for KTPB seem reasonable since much more KTPB is present with correspondingly more surface area which would increase its rate of dissolution.
O t h e r Observations
However, the reason why solubility
Another Tlie
The statistical design of Experiments 1 through 4 allows measurement of the primary effects of temperature, initial NaTPB concentration, and solids concentration. However, Experiment 3 contained a high initial NaTPB concentration slowing the increase in Cs-137 and K+ until late in the experiment. As a result, the measured response may be low because the reaction never fully developed. disregards,the result for Experiment 3, the results of the remaining If the analysis includes Experiment 3, then the results indicate that increasing the temperature or the weight percentage solids increases the response, (i.e., Cs-137 and potassium rates of increase), whereas high initial NaTPB decreases the response. The latter result may simply reflect a delay in the onset of the increase in Cs-137 and K+ caused by a.high initial NaTPB Concentration. The interest in the initial TPB-concentration was based on speculation that intermediate decomposition compounds might play a role in the ' reaction.6 Thus higher initial TPB' might affect the eventual rate by generating higher concentrations of intermediates.
A comparison of the results of Experiments 5 and 6 at two different sodium ion concentrations suggest that the reaction rate is faster at the higher sodium concentration. agrees with observations from tests to determine the catalysts responsible for the degradation of soluble TPB-.'
If the analysis experiments are insufficient to draw conclusions.
This
Decomposition Model
The author modeled the appearance of soluble K+ andCs' from the decomposition of tetraphenylborate slurries as the sum of two reaction mechanisms (catalytic and radiolytic).
yields the following conclusions.
-Application of this model to Tank 48H and scoping tests 
The Is, denote rates of dissolution and precipitation. This mechanism assumes the slurry always satisfies the equilibrium solubility conditions (Equations 1 and 2 One can solve the equations for each mechanism separately to 'produce models for individual mechanisms, or in corhination to yield a solution for the dual mechanism. differential equations describe the appearance of potassium and cesium from each mechanism.
Catalvtic Mechanism.
The following
Combining and rearranging these yields the following equation.
drK'1
Catalvt ic and Radiolvt ic Mechanisms. 
One may solve each of. these equations for d[K']/dt by substituting relationships obtained from the solubility product equations. condition that [K'l=[K'l,, when t = 0 yields the solutions listed in Table IV .
\
Integrating and using the boun-
The assumption that the K', Cs' and TPB' concentrations always satisfy the solubility product equations forces the ratio of K* to
Cs' in solution to always equal the ratio of-their solubility products. Thus, one may easily calculate the Cs-137 activity from the potassium concentration knowing the ratio of Cs-137 to total cesium. For the current Tank 48H composition, Cs-137 comprises .
T a b l e I V .
Solutions to Model Equations
Radiolysis Mechanism where t = elapsed time (h) k = rate constant f o r catalytic loss of TPB' (h-') I(1 = solubility product for KTPB. (molar2) & = solubility product f o r CsTPB (mold)' G = G value for appearance of K' from radiolysis (molecules/eV) ' D = radiation dose rate (eV/h) A = Avogadro's number (6.022323 The specific activity for Cs-137 (1.19E13 nCi/mole), a physical constant, comes from reference sources or by calculation from the half life. ' Figure 4 gives a comparison of the three models. the conditions chosen for the comparison; these correspond to a possible Tank 48H condition. The plot gives the soluble potassium concentration, but the response for Cs-137 differs only by a constant factor determined by the solubility product and ratio of
Cornpaxison of Models
The figure lists ' Cs-137 to total cesium.
The catalytic reaction is moderately fast initially when the concentration of TPB' is appreciable. However, the rate of this .
reaction rapidly decreases with consumption of TPB-. typifies this model: the rate of increase will slow with time and become almost flat. In the radiolytic reaction, the increase in K ' delays'for about 100 days as radiolysis decomposes enough KTPB solids tqprecipitate the TPB' in solution.
time depends on the initial TPB' concentration and dose rate (or, equivalently, the curies of Cs-137 in the tank). The final slope depends on the dose rate only. have minor effects on the response curve. In the combined-model, potassium increases much earlier because of the combined effects of the two mechanisms. Initially, the catalytic reaction dominates and decomposes the TPB'.
Subsequently,. the radiolytic reaction dominates and determines the slope of the response curve.
This response
The delay .
Variations in the G value will Figure 5 shows the effects of changes in certain parameters in the corribined model. Increasing the rate-of the catalytic.
reaction .rapidly decomposes the soluble TPB-;but the eventual slope of the line remains relatively unchanged. Increasing, the initial soluble TPB' concentration has the obvious effect of delaying the rise in soluble potassium, however the delay lasts only a few days. rise in the potassium concentration slightly, with the eventual slope changed by a factor of 1/2.
Lowering the dose rate delays the 
Model Fi& to Data
The author use@ the model to fit the data from the laboratory experiments and Tank 48H. The values for the parameters in the model derived from the following methods.
Solubilitv Product constants for KTPB and CSTPB. The solubility products depend on temperature and ionic strength (sodium ion concentration). Appendix C lists the values used from Reference 7.
Catalvtic rate constant (k). The value for this constant results from fitting the data for loss.of TPB' obtained at the beginning of each experiment. For Tank 48H, the author used the data from PVT-1' to obtain the rate constant. The author regressed the loss-of-TPB' data to the combined model (dual mechanism) . typically settle or float until they reach approximately 5-7 vol % of the slurry. Since the beta decay energy comprises 80% of the total decay energy of Cs-137, and since it deposits very close to the decaying nucleus (located in the solid particles), a higher fraction of the beta energy is adsorbed than estimated from the volume percentage of the solids. Therefore, the author estimated the dose to solids as 10% of the total decay energy from Cs-137. The calculations ignore decay energy from other radioisotopes in the waste since their contribution is small compared to the preceding assumptions. For laboratory samples, the calculations assume only 10% of the beta energy is adsorbed since the majority of the gamma energy will escape the small containers used.
The solids
Xnitial NaTPB concentration. In all cases, the value for this parameter came from analytical measurements. Figure 6 shows the model predictions for the radioactive experiments (Experiments 1 through 6). Table V . For Experiments 1 and 2, the graphs show the change in potassium concentration with time. The model predicts the general shape of the response, but typically predicts the amount of potassium in solution to be high& than observed experimentally. The discrepancy likely arises because the model assumes that the system is always at equilibrium, The simultaneous measurements of K' and TPB' during the, experiments do not match previously reported solubility products.
Radioactive Experiments
dissolution of KTPB.
The bias shows a lower Ksp consistent with slow Experiment 3 showed a slow rate of l o s s of TPB-, and significant changes in soluble potassim and cesium did not occur until late in the test. rate of loss of TPB-in the model (k = .0025 h-'), the model slightly under predicts the potassium concentration. However, since the potassium concentrations remaih.small, the differences probably lack significance.
When one uses the observed Experiment 4 lacks potassium data due to dilution of the samples before analysis. Therefore, the author modeled the Cs-137 concentration changes. Cs-137 concentration when using pure phase CsTPB solubility product. However, an excellent fit occurs when the Cs-137. solubility is reduced by a factor of 1/5. .Previous solubility tests4 showed the apparent lower solubility of CSTPB when precipitated in the pesence of KTPB and the observed bias (1/5) in this experiment falls within the expected range of this effect, The 'model over predicts the .
In Experiments 5 and 6, the model does not predict the general shape of the Cs-137 -response. solubility for' CsTPB makes the fit worse. rate constant for decomposition of soluble TPB-by an order of magnitude increases the predicted Cs-137 concentrations, but does not change the general shape of the curve. The lack of fit in these two experiments suggests another reaction pathway exisks other than those included in the modei.
Decreasing the
Increasing the S i m u r l a n t Experiments Figure 7 shows the model predictions for the simulant experiments (Experiments 7 through 12)- Table V lists the values f o r the model parameters.
The model over predicts the soluble potassium concentrations in Experiments 7 and 8 . The initial potassium and tetraphenylborate measurements for these experiments indicated high potassium and no tetraphenylborate in solution. At the next sampling, the potassium had precipitated, but little TPBwas present. irregular. The data suggests that the excess NaTPB existed
Since an additional source of NaTPB will suppress potassium and is not accounted for in the model, the model will over predict soluble potassium concentrations.
The TPB-concentrations remained low and -as a solid that slowly dissolved during the experiment. 
I
Since a low TPB' concentration existed through most of the experiment, the soluble potassium never increased. Thus, the model assumption of equilibrium and the slow dissolution kinetics of NaTPB solids appear to explain why the model over predicts the potassium response in these experiments.
In Experiments 9 and 10, the concentration of TPB' remained high throughout the tests and potassium never increased . significantly. The model predicts this behavior when using the slow rate constant for decomposition of TPB-,
As with the higher temperature weriments with radioactive waste, the model does not accurately mimic the general shape of the response c m e in Experiments 11 and 12. Experiment 11 (50 "C), the model bounds the available experimental data, but the trend near the end of the test suggests that the experiment may exceed the model at longer duration. the observed response. Increasing the rate constant by an order of magnitude does not improve the fit significantly, suggesting a different mechanism at this higher temperature.
Tank 48EI Data Figure 8 shows the model predictions for Tank 48H following the 1983 ITP full-scale demonstration, 1995 Batch 1, and 1996 PVT-1 tests.
In
In Experiment 12 at 70 OC, the model never exceeds - ..
-.
-
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. . . , . ' . , . . , . , . , . , . The model over predicts the Cs-137 concentrations measured in Tank 48H following the 1983 ITP full-scale demonstration test when using the pure phase CsTPB solubility product.
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2-FIGURE 7. Model Results for Simulant Experiments
Decreasing the solubility product by a €actor of 1/3, dramatically improves the model fit to the data,'
The model.over predicts the Cs-137 concentration in Tank 48H \ for the t h e period from Decder 1995 to November 1996. This may result from the slow dissolution of NaTPB solids frdm mixed crystal of (K,Na)TPB. A year after the addition of NaTPB for Batch 1 and just prior to the PVT-1 test in November 1996, the rate of increase in Cs-137 and potassium accelerated. to approach the rate predicted from the model, suggesting consumtion of all of the excess NaTPB. No significant
The rate of increase in that t h e period began changes in temperature, mixing, oxygen concentration, or slurry composition occurred that explain the change in rate j u s t prior-to PVT-I.
The model closely predicts the increase in potassium during and after PVT-1. Although the model over predicts the Cs-137 concentration when using the pure phase CsTPB solubility product, the prediction agrees with experimental results when the CsTPB solubility product is reduced to 1/3 the measured The current Tank 48H rate of increase in potassium is 0.16 mg/L/day (Figure 8 ) . This corresponds to l o s s of 0.05 w t % KTPB solids per year. low temperature when the catalytic meckianism is slow, the potassium rate is proportional to the radiation dose rate. Deviations due to slurry composition are possible but are expected to be small. through changes in the G value or dose-to-solids calculation.
The model predicts that at These could be included in the model Figure 9 shows the model predictions for two experiments reported previously.' parameters for these experiments.
I
Previous &aboratory Tests
Test 2 of the previous stu@ used slurry from Tank 48H and intended to run at 40 ' C . The actual temperature recorded during the first two days reached 45-47 ' C , but decreased to an average of 38 O C afterwards. W h e n predicted f o r 47 OC, the model does not reproduce the juqp in Cs-137 found for the first day, nor does it fit the subsequent data (using either the pure phase CsTPB solubility product OL: a fraction of it). However, a good model fit results for the second and subsequent days if one uses a rate constant reflecting the lower temperature (40 "C) and reduces the pure phase CsTPB solubility by 50%. The jump in and potassium concentrations during the first day of the test are reproduced by the model if one assumes the rate constant is 0.2 to 0 . 4 h". Previous tests measured rate constants .of this magnitude but at higher temperatures (55OC) and higher' 
Also, if this large
The previous Test 4D used slurry from Tank 48H at 50 OC.l increase in Cs-137 after the second day coincided with loss of the tetraphenylborate in solution. The model again over predicts the increase in Cs-137 when using the pure phase CsTPB solubility product, but agrees closely when the solubility product is reduced to 1/3 the measured value.
The
Discussion of' Modeling Results
In general, the model works well at temperatures of 50 OC or below with the following observations.
0
The model consistently over predicts Cs-137, but agrees well with experiments when Ksp for CsTPB is reduced to 1/2 to 1/5 of the pure phase value.
This discrepancy is within the variability of the solubility measure&nts on pure phase CsTPB (+69%). 8 In addition, the systematic nature of the discrepancy suggests that it may arise from another source, The same behavior was detected in recent solubility measurements that indicate precipitation of CsTPB in the presence of KTPB lowers the apparent solubility ofCsTPB . 3-4 However, it could also arise from nonequilibrium conditions because of slow dissolution of CsTPB. Rates of dissolution of CsTPB have not been measured, so the cause of the discrepancy cannot be assessed. I
In several experiments, the model over predicts the potassium response.
This discrepaky likely results from the model assumption that the system remains at equilibrium relative to the solubility of KTPB, rather than from an error in the Ksp for KTPB. KTPB will cause results lower than predicted by the model,
Slow dissolution kinetics for
Alternatively, slow dissolution of NaTPB solids may suppress the soluble potassium and cesium concentrations. In several experhmts and Tank 48H the measured soluble NaTPB concentrations were less than expected ( "missingtt NaTPB). A n additional source of NaTPB (such as slow dissolution of solids) will suppress potassium and Cs-137 concentrations compared to model predictions.
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The model does not predict the shape of the curve found in experiments at higher temperature.
This suggest that an additional reaction mechanism contributes significantly at the higher teniperatures.
RECOMMENDATIONS FOR FURTliER TESTING
The results of the experiments and modeling suggest the following additional areas of investigation. The samples were combined in one bottle and the weight percentage solids measured (2.43k.02 w t %) . . A portion of this slurry was set aside for dilution to 1 w t % solids. The remaining slurry was allowed to-settle overnight and the clear supernate decanted to produce a 4.0 wt % slurry. of the supernate was added to the 2.4 wt % portion to produce a 1.03 wt % slurry. removed and diluted with water to produce 0.5 and 1.5 molar N a ' .
Additional variable testing at low temperatures
Again, the solids were allowed to settle and the supernate decanted to produce 4.0 wt % solids slurries. The compositions of the slurries are listed in Table A-1. Samples (20 g) of the undiluted slurries were placed in acetonitrile to dissolve the organic solids (KTPB and CsTPB). The solution was filtered and the insoluble residue.washed with acetonitrile and acetone. The residues were dissolved in a mixture of concentrated hydrochloric (30 mL) and nitric (10 mL) acids by heating to 90 OC for one hour. diluted to 100 mL with water prior to analysis. composition of the inorganic solids is listed in Table A-2. Portions of the slurries.(approxhately 100 mL) were placed in polyethylene bottles and 1-3 mL of 0.1 molar sodium tetraphenylborate solution (Aldrich, ACS reagent grade, 99.5+% purity) added to achieve the target concentration. The amount of NaTPB added included enough to precipitate the -initial free potassium ion (approx. 5 mg K'/L). The slurries were stirred for one hour at ambient temperature (25-3OoC), sampled, then placed in carbon steel containers (cylindrical.
Some
Portions of the 4 wt % slurry were
The acid solution was plate containing a septum port was bolted to the cylindrical vessel using a Teflon washer as a seal. The vessels were placed in ovens at the required temperatures. Samples of slurry were removed from the vessel by inserting a stainless steel needle 'through silicone rubber septa in the ports on the lids. The samples (approximately 8 mL) were filtered using disposable nitrocellulose filters (0.45 micron nominal pore size). The filtrate was analyzed for Cs-137 activity, potassium ion, NaTPB, 3PB, 2PB, lPB, and phenol.
S i m u l a t e d SZ u r r i es
Experiment 7 -A simulated slurry was prepared with the compos'ition shown in Table A -3. precipitated in the presence of a low sodium ion concentration and the soluble sodium salts were added after precipitation. 'added next (Table A-4). The slurry was then irradiated to a -dose of 5.O'Mrad at a dose rate of 1.5E6 rad/h. irradiation, NaTPB was added to produce 1.7 wt % NaTPB solids in the slurry. The slurry was then heated to 70 "C for 25 days to decompose the excess NaTPB and produce decomposition compounds. After 25 days, a portion of slurry (5.6 g) was diluted with water (10 g) and stirred for 30 minutes. It was then filtered and the filtrate analyzed for NaTPB (found: 800 mg/L). 2400 mg NaTPB/L, or about 14% of the original amount (86% decomposed).
After the initial 25-day incubation period, a portion of the slurry (100 I & ) placed in a 160-mL glass serum vial and sealed with a Teflon coated septum. The slurry was returned to the oven at 70e0C and incubated without stirring. vial was sampled every three or four-days using a syringe and needle. The samples were filtered and the filtrate analyzed for potassium, NaTPB, 3PB, 2PB, lPB, and phenol. Experiment 7 was used in these experiments. decomposition period, potassium (0.20 g KN03) was added to a portion of the slurry (220 mL) to precipitate the remaining NaTPB. analysis for'NaTPB described above. The slurry was stirred for 4 days at room temperature (approximately 23 "C) and a .portion filtered. The filtrate contained 236 mg potassium per liter which was much higher than expected since it should have been precipitated by the excess NaTPB. Although the NaTPB was present in the slurry as a solid, the conversion -reaction to KTPB was slow and was only 40% complete after four days of stirring. The slurry was split into two 100 milliliter portions and different amounts of NaTPB were added to each (Experiment 8 , 0.075 mole; Experiment 9, 0.15 The KTPB was
The components of the catalyst system were After-
The result indicated the undiluted slurry contained The Exneriments 8 and 9. The slurry prepared for After the 25-day
The amount of potassium added was based on the. by removing the serum cap and taking an 8-mL portion via pipette, The vials were recapped, purged with nitrogen, and returned to the oven. The samples were filtered and the filtrate analyzed for potassium, NaTPB, 3PB, 2PB, lPB, and phenol.
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The vials were placed in
The vials were sampled every three
The samples were
The vials were samp1,ed every three or four days Tables A-6 to A-17.
were performed by the Analytical SRTC .
gamma spectroscopy counting methods high-purity germanium gamma spectroscopy system operated through a Canberra Genie PC software interface was used for the analysis. Analytical R e s u l t s for E x p e r i m e n t 5
Elapsed
T h e CS-137 The G value for appearance of potassium in solution following irradiation was measured on a simulated slurry with the composition shown in Table B-1. Portions (30 mL) of this slurry were sealed in glass serum vials and irradiated in a Co-60 gamma source to doses of up to 92 Wad. Duplicate samples were prepared-at each total dose. The dose rate varied between 4.3~20' to 6-7x10' rad/h depending on the position in the source. Following irradiation, the samples were stirred for periods of one week or two weeks to allow equilibration of x' in solution. After stirring, the samples were filtered through 0.45 mieron nitrocellulose disposable filters and the filtrate analyzed for K ' by atomic absorption spectroscopy. The results of the analyses are listed in Table B No consistent bias was found between the sets stirred for one week and two weeks before analysis, indicating that potassium equilibration between the solution and solids is either very rapid (<<1 week) or very slow (>>2 weeks) .
The G value for potassium appearance is calculated from the slope of the line in Figure B-1. the dose to the entire slurry is:
The calculation based on = ,083 molecules/100 eV (dose to slurry).
To apply the results of this experiment to other slurries at different weight percentage solids, this G value can be adjusted based on the dose to solids. The electron densities in the solids and solution are similar, so the deposited radiation energy is assumed to be distributed between solids ' and slurry based on the weight fraction of each. The G value for dose to solids is: . where z, = charge on ion x in solution = molal concentration of ion x (moles/1000 g solvent)
